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mateRials and methods
The study was a prospective one approved by the Institutional Ethics Committee and conducted in a tertiary care hospital from January 2012 to July 2013. Patients undergoing shunt insertion or revision surgery were included in the study while those with external ventricular drainage system were excluded from the study. Besides demographic data, the clinical condition requiring shunt procedure, date of admission and operation, past and present history, prophylactic and therapeutic antibiotics administered and condition of patient at time of discharge were noted. Each patient was followed up from the time of admission till discharge and also for 30 days post-operatively.
A total of 176 CSF specimens were collected from 86 patients either by lumbar puncture or percutaneous tapping of the fluid from shunt reservoir. One CSF specimen was received at the time of surgery and additional as and when infection was suspected clinically. Forty-four shunt tips (ventricular or peritoneal end) from 39 patients who underwent shunt revision were also received. Both CSF and shunt tips were processed and isolates were identified by standard microbiological protocol. [7] Staphylococcus strains isolated from infected shunts were tested for beta-lactamase production using nitrocefin disc (BD Diagnostic Systems: BBL cefinase paper discs). [8] A qualitative assessment of biofilm formation was determined in Staphylococci as previously described by Mathur, et al. [9] Loopful of isolates were inoculated into tubes containing 10 ml glucose broth. The tubes were then incubated at 37°C for 24 h. After the incubation, the broth was aspirated out and walls of the tubes were stained with 1% safranine. Tubes were then kept still for 7 min. Safranine then was removed and tubes were examined for biofilm production with naked eyes. Formation of pink coloured ring on the level of inoculated broth surface in the tube was considered as the organism to be a biofilm producer.
Antibiotic susceptibility was tested by modified Kirby-Bauer disc diffusion method. [10, 11] Commercially available discs from HiMedia Laboratories Pvt. Ltd with known potency were used according to the antibiotics preferred in clinical settings. For Gram-positive cocci (GPC), antibiotics discs used were penicillin (10 units), gentamicin (10 µg), amikacin (30 µg), linezolid (30 µg) and teicoplanin (30 µg). For Gram-negative bacilli (GNB), antibiotics such as ampicillin (10 µg), amoxycillin-clavulanic acid (20/10 µg), piperacillin (100 µg), piperacillin-tazobactam (100/10 µg), ceftazidime (30 µg), ceftriaxone (30 µg), cefepime (30 µg), gentamicin (10 µg), amikacin (30 µg), aztreonam (30 µg), imipenem (10 µg), meropenem (10 µg) were used. For Pseudomonas aeruginosa, additional antibiotics used were ticarcillin (75 µg), polymyxin B (300 units) and colistin (10 µg). Both CONS and Staphylococcus aureus were tested for vancomycin sensitivity by determining minimum inhibitory concentration by macrobroth dilution method. [8] Methicillin resistance in Staphylococci and extended spectrum beta lactamase (ESBL) production in Escherichia coli, Klebsiella pneumoniae and Proteus mirabilis were tested using disc diffusion method. [11] 
Results
Twenty out of 86 patients developed shunt infection of which 12 were males and 8 were females. Although infection rate was higher in males (28.57%) as compared to females (18.18%), the results were statistically insignificant (P = 0.31, Fisher's exact test). Highest infection rate was seen in children (1-15 years) and infants (<1 year), that is, 27.27% and 24%, respectively, compared to elderly patients (>50 years) and adults (16-50 years), that is, 20% and 17.39%, respectively. The differences in shunt infection rate for the various age groups were found to be statistically insignificant (P = 0.85, Chi-square test). Infection rate in various aetiological conditions of hydrocephalus is shown in Table 1 .
Of 176 samples, only 24 (13.64%) and of 44 shunt tips 22 (50%) were culture positive. When culture reports of CSF and shunt tip samples were compared with each other, the difference was found to be statistically significant (P < 0.0001, Fisher's exact test). Of these 86 patients, 39 underwent shunt revision surgery, of which shunt of 29 patients were revised once while remaining, that is, 10 patients had to undergo multiple shunt revisions. It was found that 6 of 10 patients (60%) with multiple shunt revisions were infected compared to 14 of 29 patients (48.28%) with one shunt revision.
From 20 infected patients, total 46 isolates were recovered as shown in Table 2 . S. epidermidis was the most common isolate (30.43%) followed by S. aureus (23.91%). Nineteen of 32 Staphylococci (59.38%) were found to be biofilm producers. 90.48% of CONS and 72.73% of S. aureus were methicillin resistant. All methicillin-sensitive CONS and Methicillin-sensitive S. aureus were beta-lactamase producers. Sixteen CONS (76.19%) and 7 S. aureus (63.64%) were resistant to gentamicin while 6 CONS (28.57%) and 4 S. aureus (36.37%) were resistant to amikacin. Single strain of Enterococcus faecalis was resistant to beta-lactams such as penicillin and ampicillin. All GPC were found to exhibit no resistance to glycopeptides (vancomycin and teicoplanin) and linezolid. Of the 4 isolates belonging to Enterobacteriaceae family, one was resistant to gentamicin (25%). All the 4 isolates were found to be ESBL producers and hence were resistant to third generation cephalosporins and aztreonam. Of 4 isolates, 2 (50%) were resistant to fourth generation cephalosporin such as cefepime. No resistance was observed to aminoglycosides such as amikacin and gentamicin, piperacillin-tazobactam combination, carbapenems. All pseudomonas were sensitive to lipopeptides such as polymyxin B and colistin. Antimicrobial prophylaxis with amikacin and ceftriaxone was initiated for all the patients preoperatively as well as intraoperatively and was continued in the post-operative period. Six of 20 GPC isolates were found to be resistant to amikacin and seven GNB were resistant to ceftriaxone.
Seventeen out of 20 infected patients survived well and were discharged according to their clinical condition. Three paediatric patients expired due to their underlying morbid condition and shunt infection was found to be an associated complication in them. One premature infant died due to shunt infection caused by methicillin-resistant S. epidermidis followed by septic shock. One infant with underlying congenital heart disease with hydrocephalus died whose shunt was infected by methicillin-resistant S. aureus. One child died because of shunt extrusion into the rectum followed by septicaemia where shunt was found to be infected by E. faecalis and P. mirabilis.
discussion
Although CSF shunts contribute to significant improvement of management outcome of hydrocephalus, the shunt has severe complications including infection. [12] Shunt insertion for treatment of hydrocephalus are quite susceptible to bacterial infection. [3] Number of shunt revisions is considered to be one of the factors associated with an increased risk of CNS shunt infections, and the risk may be especially high in patients undergoing multiple shunt revisions. [12] In the present study, S. epidermidis was the most common isolate responsible for shunt infection followed by S. aureus which is consistent with majority of studies. [4, 6] Organisms causing shunt-associated infection typically adhere to the device surface and form biofilms, thus making clinical and laboratory diagnosis difficult and antimicrobial treatment challenging. [13] In the present study, an attempt was made to detect the property of Staphylococcus isolates to form biofilms. 59.38% of Staphylococci were biofilm producers which suggest that along with anti-microbial treatment, removal of the entire colonised shunt is required to manage the case of shunt infection. 90.48% (19 out of 21) CONS, 72.73% (8 out of 11) and all GNB (100%) were multidrug-resistant showing resistance to more than two different classes of antibiotics.
conclusion
CSF shunt infection plays a significant role in outcome of patients with hydrocephalus. Early detection and management of shunt infection with appropriate antibiotics along with prompt removal and replacement of the alternative drainage system has provided best results. [2, 6] Identification of risk factors and causative agents may also help prevent shunt infection. In addition, it is important that surveillance of shunt infection should be done with feedback of appropriate data to surgeons in an attempt to reduce shunt infection rate.
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